The capsule of the hip assumes an important role in normal hip function and kinematics. 27 A key static constraint through a wide range of physiological motion, the hip capsule is comprised of 4 capsular ligaments linked together by fibrous connective tissue: the iliofemoral, pubofemoral, ischiofemoral, and zona orbicularis. 13, 16, 27, 39 Of these structures, the iliofemoral ligament (IFL) has been recognized as the primary stabilizing structure for controlling anterior translation and external rotation of the hip. 24 In order to achieve arthroscopic exposure of the hip and facilitate surgical intervention, capsulotomies and capsulectomies are routinely performed as part of the arthroscopic procedure. 9, 31, 35 The location of the IFL on the anterior aspect of the capsule renders it susceptible to violation at the time of arthroscopic interportal capsulotomy. 30 Therefore, it has been postulated that failure to repair the capsule in this region after hip arthroscopy may contribute to iatrogenic instability in certain patients. 13 The notion of microinstability of the hip is a relatively recent concept but one that is gaining increased acceptance. 26, 37 An improved understanding of the factors that contribute to microinstability has helped in identifying "atrisk" patients, in whom a capsular repair should be considered after hip arthroscopy to achieve optimal results and avoid iatrogenic instability (dislocation or microinstability). 27 Despite a paucity of conclusive evidence-based indications, experts have recommended capsular repair in the settings of borderline hip dysplasia, hip hypermobility, connective tissue disorders, and traumatic or atraumatic instability. Although some of these "at-risk" patients are relatively easy to identify, others present a diagnostic challenge pre-and intraoperatively, particularly in the context of hip hypermobility.
Generalized joint hypermobility (GJH) is a relatively common condition in healthy populations, with an overall prevalence of 26.2%. 34 Interestingly, Naal et al 25 reported that the prevalence of GJH was even higher in patients with femoroacetabular impingement (32.7%), as measured by the Beighton test score (BTS). 5 Although this information is potentially useful in forewarning the clinician about those patients who may be susceptible to hip hypermobility, there is currently no information on how GJH relates to the thickness of the hip capsule. An appreciation of hip capsule thickness at the time of hip arthroscopy may have a bearing on those patients who warrant capsular repair compared with those who may not. To date, there are limited data on normative values for hip capsular thickness, which is limited to cadaveric and radiological studies. 20, 30, 41, 43 Therefore, the aim of this study was to explore the relationship between GJH and hip capsular thickness measured intraoperatively at hip arthroscopy. The hypothesis was that GJH would be predictive of a thin hip capsule. A secondary aim was to investigate the relationship between hip dysplasia and ligamentum teres (LT) pathology with GJH and capsular thickness.
METHODS
Between February 2015 and June 2015, a prospective study was carried out on 100 consecutive patients presenting for primary hip arthroscopy. The study was carried out in accordance with the institutional ethical review board. The inclusion criteria were patients between the ages of 18 and 45 years undergoing primary hip arthroscopy for any condition. Exclusion criteria included patients who had prior hip surgery of any kind, radiographic evidence of osteoarthritis (Kellgren-Lawrence grade 2 or greater 18 or joint space narrowing <2 mm), gross morphological changes to the hip, Marfan syndrome, Ehlers-Danlos syndrome, avascular necrosis of the hip, or oncological conditions affecting the hip.
Beighton Test Score
Joint hypermobility was evaluated in each patient by an independent examiner prior to surgery using the BTS. 5 The BTS is an ordinal scale with a maximum score of 9. A score of 4 was defined as hypermobility. One point was given for each positive result on each side: passive hyperextension of the fifth metacarpophalangeal joint (MCPJ) (>90 ), thumb touching the volar aspect of the forearm, active hyperextension of the elbow (>10 ), active hyperextension of the knee (>10 ), and placing hands flat on the floor with straight legs.
Arthroscopic Assessment of Capsular Thickness
An experienced hip arthroscopist, blinded to the result of the BTS, performed all hip arthroscopies. The surgeries were performed in the lateral decubitus position. With the hip under traction, a lateral viewing portal was placed immediately superior to the midpoint of the tip of the greater trochanter, and a mid-anterior working portal was placed 2 cm anterior to the anterior margin of the greater trochanter. The position of the mid-anterior portal was confirmed arthroscopically with a needle prior to dilatation. The position on the mid-anterior portal was consistent in all cases; it was always superior and posterior to the psoas-U and corresponded to the 2 o'clock position on the clockface, as defined by Philippon et al. 29 An interportal capsulotomy was made using an electrocautery device (Super MultiVac 50; ArthroCare) when performing an acetabular ostectomy, femoral ostectomy, and labral repair/ reconstruction. In cases requiring minimal intervention (eg, treatment of LT pathology), not requiring labral repair or femoral osteoplasty, a portal capsulotomy alone was used. An arthroscopic hook probe (3-mm; Smith & Nephew) calibrated with 5-mm laser etching was used to measure the capsular thickness. The hook was placed on the internal surface of the capsule at the most extreme anterior margin of the caspulotomy (Figure 1 ), which corresponded with the location of the IFL. To avoid overestimating the thickness of the capsule, all extra-articular soft tissue was cleared from the capsule at this point and care was taken to hold the probe vertically and not obliquely across the capsule. In cases where a portal capsulotomy was made, if the calibrations could not be viewed from within the joint, the camera was introduced extra-articularly to obtain an accurate reading. The capsular measurement was taken immediately after diagnostic arthroscopy in all cases (within 5 minutes of the commencement of the procedure) to ensure that there was no capsular swelling due to extravasation of fluid, which may have given a false reading. Given that the probes were marked with only 5-mm calibrations, if the thickness of the capsule fell between these marks, the surgeon made a best-estimate reading to the closest millimeter ( Figure 1 ). A photograph of each measurement was taken. 
Radiographic Analysis
The center-edge angle (CEA) was measured from supine anteroposterior pelvis radiographs. The CEA was formed by the intersection of the vertical line through the center of the femoral head with the line extending to the lateral edge of the sourcil 2 ( Figure 2 ).
Statistical Analysis
The descriptive results are presented as both mean ± SD and median and interquartile range, with Mann-Whitney (ranksum) or Kruskal-Wallis tests applied to test for differences in these continuous variables across groups. Categorical variables, including dichotomized capsular thickness, were assessed using the chi-square test or the Fisher exact test on occasions when counts were fewer than 5 for any group. Statistical analyses were performed using Stata, version 12.1 (StataCorp), with a 2-sided alpha value of less than 0.05 assumed to indicate statistical significance.
RESULTS

Demographics
The mean age of the patients included in this study was 32 years (range, 18-45 years). Of the 100 patients, there were 55 women and 45 men. Right hip arthroscopy was carried out in 54 cases and left hip in 46 cases. LT pathology was noted in 63 cases. There were no cases of hip dysplasia (CEA < 21 ). However, 9 cases were considered to have borderline hip dysplasia (CEA range, 21 -25 ) , while the rest had no dysplasia.
Capsular Thickness
Male patients had a significantly thicker capsule than female patients, with a median thickness of 12.5 and 7.5 mm, respectively (P < .001) ( Table 1) . In female patients, 67.3% of patients had a capsular thickness of 7.5 mm, with the rest being >7.5 mm (P < .001). In contrast, 88.9% of male patients had a capsular thickness of >7.5 mm. No significant association was found between capsular thickness, age, or hip laterality. Patients without LT tears had a significantly thicker capsule compared with those with a pathological tear, with median values of 12.5 and 7.5 mm, respectively (P < .001). Of the 37 patients without an LT tear, 94.6% (n ¼ 35) had a capsular thickness of >7.5 mm, while 63.5% of patient with a tear had values 7.5 mm (P < .001).
Finally, patients identified as having a CEA of >25 were found to have significantly thicker capsules than those with borderline dysplasia, with median values of 10.0 and 7.5 mm, respectively (P ¼ .022). It is important to note that only 9 patients were considered to have borderline dysplasia.
Beighton Test Score
A significant difference was found between the BTS of men and women. The median BTS for men was 1 versus 4 for women (P < .001) ( Table 2 ). There was no significant difference between age (P ¼ .392) and laterality (P ¼ .440) of the hip with respect to BTS. Patients with LT tears had a significantly higher median BTS than those without a tear (4 and 0, respectively; P < .001). Also, patients with a capsular thickness of 7.5 mm had a significantly higher median BTS than those with a capsule of >7.5 mm (5 and 0, respectively; P < .001). Borderline dysplastic patients were also discovered to have a significantly higher median BTS than patients without dysplasia (6 versus 2, respectively; P ¼ .014). Figure 3 demonstrates the associations between BTS and capsular thickness, when considering binary thresholds of 4 for BTS and 10 mm for capsular thickness (P < .001). That is, one can confidently predict that a patient with a BTS of <4 will have a capsular thickness of 10 mm, while a patient with a BTS 4 will have a capsular thickness of <10 mm. The predictive value is also independent of sex. Although only 5 of the 45 male patients included in this study had a BTS of 4, each of them was found to have a capsular thickness of <10 mm.
Association Between Beighton Test Score and Capsular Thickness
Components of the Beighton Test Score
With a thin capsule being defined as being 7.5 mm, positive testing of hypermobility at the MCPJ, elbows, and knees and hands flat on the floor was significantly associated with a thin capsule (Table 3) . A positive hyperextension test at the thumb was not significantly related to a thin capsule (P ¼ .056). The predictive performance of elbow and knee hyperextension was particularly high (P < .001), with hands flat on the floor (P ¼ .007) and MCPJ hyperextension (P ¼ .008) also showing strong associations with capsular thickness. 
DISCUSSION
The main finding of this study was that joint hypermobility, as measured by BTS, is highly predictive of hip capsular thickness. A BTS of <4 correlates significantly with a capsular thickness of 10 mm, while a BTS 4 correlates significantly with a thickness of <10 mm. Analysis of 100 consecutive patients presenting for primary hip arthroscopy patients revealed that there was a significant sex difference both in capsular thickness and BTS; the median capsular thickness was 12.5 mm in male patients and 7.5 mm in female patients, and the median BTS was found to be 1 and 4 in men and women, respectively. In addition, those patients with borderline dysplasia had statistically thinner capsules than patients with no dysplasia and a higher BTS. There was also a higher rate of LT pathology in those patients with a capsular thickness of 7.5 mm. This is the first study to compare joint hypermobility and hip capsular thickness in a large series of patients. The clinical significance of these results relates to the ability to predict preoperatively patients who are likely to have a The role of the capsule as a static stabilizer in the hip is well recognized. 13, 16, 27, 39 More recently, the concept of microinstability has emerged, which has increased the focus on what role the hip capsule plays in this process. 26, 37 In a magnetic resonance arthrography (MRA) study of 27 patients, Magerkurth et al 20 identified 17 patients who were positive and 10 who were negative for hip joint laxity at hip arthroscopy 20 ; the diagnosis of hip laxity was confirmed when patients exhibited displacement of the operative hip with minimal traction force. The authors determined that there was a significant difference in the mean anterior hip capsule thickness between patients with hip laxity and those without (P ¼ .0043), which measured 2.5 mm (95% CI, 2.3-2.8 mm) and 3.3 mm (95% CI, 2.8-3.8 mm), respectively. The capsular measurements were considerably thinner than the values in the current study but the measurements were taken in a location lateral to the zona orbicularis and not from the IFL, which was the focus of this work and the key stabilizing ligament of the hip. Furthermore, the arthroscopic assessment of laxity was very subjective, without any objective measurements to determine laxity. Another MRA study by Weidner et al, 43 studied 30 patients with clinical symptoms of femoroacetabular impingement (FAI). The authors determined that the joint capsule was thickest anterosuperiorly between 1 and 2 o'clock and measured 6 mm. The capsule was measured after injection of the gadolinium on radial MR images around the axis of the femoral neck. Similarly, a significant difference existed between men and women, although the values were less than the current study. One explanation is the use of the arthrogram solution, which may stretch the capsule, and the position of the hip during the MR examination, which may influence how thick the capsule appears.
Philippon et al, 30 in a cadaveric study of 13 fresh-frozen cadavers, measured capsular thickness using a coordinate measuring device. The authors determined that at 2 o'clock, which corresponds with the location of the IFL, the capsule had a maximum thickness of 8.3 mm (95% CI, 6.8-9.8 mm). Although these measurements would be on the lower end of the spectrum of the findings of this study, they would be consistent. The authors did not declare the sex of the cadaveric specimens or the time between thawing, dissection and measurement, which could all affect the recorded thickness.
Hip capsule closure after hip arthroscopy has been the source of much debate. 13 One of the big concerns is causing iatrogenic instability by not closing the capsule. 11 While cases of dislocation and subluxation following hip arthroscopy are rare, they are discussed frequently at hip arthroscopy conferences, which suggests that these complications are underreported. 15, 42 There have been at least 8 published case reports documenting postoperative hip dislocation after hip arthroscopy. 3, 6, 12, 21, 23, 31, 32, 35 This is a potentially devastating complication, and one needs to be acutely aware of the risk factors associated with it; these include open capsulotomy without repair, acetabular dysplasia, hypermobility, or ligamentous laxity. 1, 13, 16 In a report of 25 patients requiring revision hip arthroscopy for treatment of FAI, McCormick et al 22 documented that 9 patients had capsular abnormalities on MRA, 7 of whom required surgery to repair the nonhealing portions of the capsule. The importance of the findings of the current study relate to identifying preoperatively those patients who are likely to have a thin capsule. As has been demonstrated, a BTS of 4 correlates significantly with a capsular thickness of <10 mm. In such a case with hypermobility and a thin capsule, the surgeon may wish to make a smaller capsulotomy or close or plicate the capsule postoperatively to limit the risk of instability. The Orthopaedic Journal of Sports Medicine Capsular Thickness and Hypermobility 5
Atraumatic microinstability has also been reported in patients with borderline dysplasia. 19, 22 Hip dysplasia results in femoral head undercoverage by the acetabulum. The hip joint biomechanics are altered as a result, which places additional stress on the labrum, anterior capsule, and dynamic stabilizers. 14, 33 Consequently, there is an overreliance on the hip soft tissue stabilizers (cartilage, labrum, capsule, and LT) for stability of the hip through the full range of motion in patients with dysplasia and borderline dyplasia. In this study, patients with borderline dysplasia had a significantly thinner hip capsule. Domb et al, 14 in a study of 22 patients with borderline dysplasia and labral tears, reported good outcomes at 2 years in patients treated with labral preservation and repair with capsular plication. It is recognized that capsular management is especially important in patients with borderline dysplasia, as iatrogenic injury to the capsule without appropriate repair will destabilize the hip joint. 34, 35 It is also interesting to note that there was a significantly higher prevalence of LT pathology in patients with a BTS 4, which correlates with a thinner capsule. This would concur with the findings of Chahla et al, 10 who reported that joint hypermobility is a risk factor for LT pathology.
GJH has increasingly been recognized as a risk factor for many joint injuries, including recurrent shoulder dislocation, patellar instability, anterior cruciate injuries, lumbar disc pathology, and ankle instability. 7, 8, 17, 28, 40 In a large cohort study of 721 military personnel, Azma et al 4 demonstrated an increased incidence of ankle sprain and temporomandibular joint dislocation in hypermobile individuals compared with a control group. The authors advocated the usefulness of screening to identify at-risk individuals. The overall prevalence rates of joint hypermobility ranged from 12% to 32.7%, with a greater preponderance in female patients. 4, 8, 25 The prevalence of GJH in this study was 41%. Notably, the majority of studies focusing on joint hypermobility used a BTS value of 4 to define hypermobility 4, 34, 36, 38 ; this is the same cutoff value that was identified in this study.
Limitations
The authors acknowledge that there are limitations in this study. The selection of patients was not made according to a specific pathology but as a consecutive series of patients. The arthroscopic measurement of capsular thickness was made by a single arthroscopist who was blinded to the preoperative BTS readings. The measurements were made using an arthroscopic probe, which had laser etching at 5-mm increments and necessitated estimation of the thickness when the measurement fell between the lines. However, particular attention was focused on ensuring the measurement was orthogonal to the capsule at the anterior portal at the 1-to 2-o'clock position.
CONCLUSION
The measurement of GJH is highly predictive of hip capsular thickness. A BTS of <4 correlates significantly with a capsular thickness of 10 mm, while a BTS 4 correlates significantly with a thickness of <10 mm. Women had a significantly increased BTS compared with men and also had a thinner hip capsule. Patients with borderline dyplasia had a significantly thinner capsule than those without. There was a greater incidence of LT pathology in patients with a capsular thickness of 7.5 mm. The BTS is a simple preoperative assessment, which can assist in predicting hip capsular thickness and may influence capsular management strategies.
